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Description 

[0001] The invention is related to a hemostatic 
sponge based on collagen and thrombin and a method 
for producing such a sponge as well as a wound cover- 
age containing said sponge and a kit for preparing the 
wound coverage. 

[0002] Biological glues based on coagulation factors 
of human or animal origin have long been known. A 
method for producing tissue adhesives based on fibrin- 
ogen an factor XII I has been described in US 4,362,567, 
US 4,298,598 and US 4,377,572. The tissue adhesives 
are usually applied together with a separate component 
containing thrombin, which is enzymatically acting on fi- 
brinogen to form fibrin, and on factor XIII to form the ac- 
tive factor XII la, which cross-links the fibrin to obtain a 
stable fibrin clot. 

[0003] When applied to a large hemorrhaging area 
the tissue adhesives are usually applied on a collagen 
sheet before covering the wound with the sheet. 
[0004] In US 4,600,574 a tissue adhesive based on 
collagen combined with fibrinogen and factor XIII is de- 
scribed. This material is provided in the lyophilized form, 
ready for use. The fibrinogen and factor XIII are com- 
bined with the collagen by impregnating the collagene- 
ous flat material with a solution comprising fibrinogen 
and factor XIII, and lyophilizing said material. 
[0005] The tissue sealing collagenic surgical dressing 
according to EP 0 049 469 is similarly prepared by com- 
bining collagen and fibrinogen and optionally an antibi- 
otic through lyophilization. 

[0006] Hemostatic sponges which are composed of 
natural bovine collagen are commercially available, e. 
g. Colgen® (IMMUNO AG), as wound coverage for a 
bleeding site. These products act on the intrinsic and 
extrinsic hemostatic pathways without forming a glue, 
which makes them rather slow-acting. However, their 
solid structure gives them mechanical strength. 
[0007] When collagen is combined with fibrinogen 
and thrombin, such as described in EP 0 059 265, the 
material has to be carefully prepared by avoiding any 
water content. In the presence of minute amounts of wa- 
ter fibrinogen will be converted to fibrin and the material 
will no more be suitable for tissue sealing. Therefore, 
such a material is usually provided in a lyophilized form 
hematically packed together with a desiccant. 
[0008] When fibrinogen in a hemostatic sponge is 
avoided thrombin or a precursor therefore can be ab- 
sorbed on a porous structure of biologically absorbable 
collagen according to WO 90/13320. This material is 
having a total water content of below 50% w/w. It is pre- 
pared by injecting an aqueous solution of thrombin or a 
precursor therefore together with thrombin stabilizing 
agents into the solid material at several sites. The 
thrombin stabilizing agents are preferably amino acids, 
PEG or polysaccharides. The relatively high water con- 
tent results from the injection of the thrombin solution 
into the collagen sponge. Although the sponge can be 



dried at elevated temperatures, the drying is only mod- 
erate because of the risk of denaturation of the thrombin 
and collagen. 

[0009] Due to the application of thrombin by injection, 
5 the distribution of thrombin in the sponge is highly inho- 
mogenous which reduces the reproducibility and relia- 
bility of the wound coverage. 

[0010] A homogeneous mixture of dispersible or sol- 
uble collagen with thrombin is prepared according to US 
10 4 515 637. The solution is then freeze-dried and ren- 
dered free of moisture yielding a storage-stable product. 
Although the dry collageneous sponges have high me- 
chanic strength they turned out to be rather inflexible 
and thus could break when used by the surgeon. How- 
's ever, the drying to an absolutely moisture-free product 
was seen as essential for avoiding stability problems 
with thrombin. 

[0011] The alternative use of a hemostatic collagen 
paste composition comprising an aqueous solution of 
20 thrombin is described in EP 0 372 966. This paste is 
packed in a squeezetube or syringe package. The paste 
is however difficult to usefor stopping bleeding in a large 
hemorrhaging area. 

When material of human or animal origin is applied to a 

25 patient there is a risk of transmitting pathogenic sub- 
stances originated from the source material. Thrombin 
is usually derived from human or animal blood plasma 
carrying the risk of transmitting blood-born viruses, such 
as AIDS-virus, hepatitis virus and parvoirus. Therefore, 

30 measures are taken to inactivate any virus potentially 
present in plasma fractions, such as thrombin prepara- 
tions. EP 0 541 507 describes a method for producing 
a virus-safe thrombin preparation derived from a human 
blood plasma fraction. 

35 [0012] Collagen is usually treated by beta- or gamma- 
irradiation besides pretreating the collageneous source 
material with high concentrations of alkaline. These are 
common measures for inactivating any virus or prion po- 
tentially present in the source material. 

40 [0013] A commercially available product, TachoC- 
omb®, which is produced by a method according to EP 
0 059 265 is treated by gamma-irradiation after packing 
the prepared sheet. It turned out, that the irradiation 
treatment destroys the nativity of the fibrinogen. Dena- 

45 tured fibrinogen is hardly clottable. Therefore, this ma- 
terial is less effective than an in situ prepared combina- 
tion of collagen and a tissue adhesive based on fibrino- 
gen, which components are provided as a kit which is 
easily treated for virus inactivation separately. 

50 [0014] It is the object of the present invention to pro- 
vide a ready for use compress sponge containing re- 
sorbable collagen material, which does not have the 
above described disadvantages, especially with regard 
to the flexibility and mechanic stability of the material. 

55 [0015] There is provided, according to the invention, 
a hemostatic sponge based on collagen and thrombin 
or a precursor of thrombin homogeneously distributed 
therein. This sponge is provided in a dry form, which 
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could be air-dried or lyophilized. However, it still con- 
tains a water content of at least 2%, preferably in the 
range of 2 to 25%. It is especially preferred that the water 
content is in the range between 10 and 20% in order to 
improve the storage stability at elevated temperatures. 
[001 6] It surprisingly turned out that the definite water 
content makes the sponge flexible, though maintaining 
its physico-chemical structure and mechanical strength. 
[0017] It is also important to have the thrombin or a 
precursor of thrombin evenly distributed in the material 
in order to prevent local instability or hypercoagulability 
of the material. Despite of the water content the 
thrombin activity is surprisingly stable, probably be- 
cause of the intimate contact of thrombin and collagen 
in the homogeneous mixture. 

[0018] Nevertheless, thrombin stabilizers preferably 
selected from the group consisting of a polyol, a 
polysaccharide, a polyalkylene glycol, amino acids or 
mixtures thereof might be used according to the inven- 
tion. The exemplary use of sorbitol, glycerol, polyethyl- 
ene glycol, polypropylene glycol, mono- or disaccha- 
rides such as glucose or saccharose or any sugar or 
sulfonated amino acid capable of stabilizing thrombin 
activity is preferred. 

[001 9] The sponge is provided as a storage stable sol- 
id product, which is useful even after a storage of 6 
months, preferable 2 years or even more years at room 
temperature. 

[0020] Thrombin or the precursor of thrombin is un- 
derstood as a protein that has thrombin activity and that 
induces thrombin activity when it is contacted with blood 
or after application to the patient, respectively. Its activity 
is expressed as thrombin activity (NIH-Unit) orthrombin 
equivalent activity developing the corresponding 
NIH-Unit. In thefollowing thrombin activity is understood 
to comprise both, the activity of thrombin or any equiv- 
alent activity. A protein with thrombin activity might be 
selected from the group consisting of alpha-thrombin, 
meizo-thrombin, a thrombin derivative or a recombinant 
thrombin. A suitable precursor is possibly selected from 
the group consisting of alpha-thrombin, meizo thrombin, 
a thrombin derivative or a recombinant thrombin. A suit- 
able precursor is possibly selected from the group con- 
sisting of: prothrombin, factorXa optionally together with 
phospholipids, factor IXa, activated prothrombin com- 
plex, FEIBA, any activator or a proactivator of the intrin- 
sic or extrinsic coagulation, or mixtures thereof. 
[0021] The hemostatic sponge according to the inven- 
tion might be used together with further physiologic sub- 
stances. For example, the sponge preferably further 
comprises pharmacologically active substances, 
among them antifibrinolytics, such as a plasminogen- 
activator-inhibitor or a plasmin inhibitor or an inactivator 
of fibrinolytics. A preferred antifibrinolytic is selected 
from the group consisting of aprotinin or an aprotinin de- 
rivative, alpha-2-macroglobulin, an inhibitor or inactiva- 
tor of protein C or activated protein C, a substrate mimic 
binding to plasmin that acts competitively with natural 



substrates, and an antibody inhibiting fibrinolytic activity. 
[0022] As a further pharmacologically active sub- 
stance an antibiotic, such as an antibacterial orantimy- 
cotic might be used together with the sponge according 

5 to the invention, preferably as a component homogene- 
ously distributed in the sponge. Further combinations 
are preferred with specific enzymes or enzyme inhibi- 
tors, which may regulate, i.e. accelerate or inhibit, the 
resorption of the sponge. Among those are collagenase, 

10 its enhancers or inhibitors. Also, a suitable preservative 
may be used together with the sponge or may be con- 
tained in the sponge. 

[0023] Although a preferred embodiment relates to 
the use of the collagen sponge which contains thrombin 

15 or a precursor of thrombin as the only active component, 
further substances that influence the velocity of blood 
coagulation, hemostasis and quality of the sealing, such 
as tensile strength, inner (adhesive) strength and dura- 
bility might be comprised. Procoagulants that enhance 

20 or improve the intrinsic or extrinsic coagulation, such as 
factors orcofactors of blood coagulation, factor XIII . tis- 
sue factor, prothrombin complex, activated prothrombin 
complex, or parts of the complexes, a prothrombinase 
complex, phospholipids and calcium ions, might be 

25 used. In case of a surgical procedure where a precise 
sealing is needed, it might be preferable to prolong the 
working period after the hemostatic sponge is applied 
to the patient and before clotting is effected. The prolon- 
gation of the clotting reaction will be ensured, if the 

30 sponge according to the invention further comprises in- 
hibitors of blood coagulation in appropriate amounts. In- 
hibitors, such as antithrombin III optionally together with 
heparin, or any other serine protease inhibitor, are pre- 
ferred. 

35 [0024] The collagen of the sponge according to the 
invention is preferably of animal origin, preferably bo- 
vine or equine. However, also human collagen might be 
used in case of a hypersensitivity of the patient towards 
xenogenic proteins. The further components of the 

40 sponge are preferably of human origin . which makes the 
sponge suitable especially for the application to a hu- 
man. 

[0025] The medical field of indications for the sponge 
according to the invention is rather broad. The sponge 

45 not only can be used for stopping bleeding in very large 
hemorrhaging areas with a high blood pressure, but also 
for stopping oozing bleeding. The following internal or 
external :surgical procedures are successfully carried 
out using the hemostatic sponge according to the inven- 

50 tion: general surgery, for instance surgery of parenchy- 
matous organs (liver, kidney, spleen, etc.), cardiovascu- 
lar surgery, thoracic surgery, transplantation surgery, or- 
thopedic surgery, bone surgery, plastic surgery, ear. 
nose and throat surgery, neurosurgery, surgery in urol- 

55 ogy and gynecology as well as haemostasis, such as in 
wound treatment. 

[0026] The sponge might be provided in the form of a 
compress. I n spite of the water content of the hemostatic 
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sponge, it is capable of absorbing an extended amount 
of blood when applied to a wound. With the introduction 
of autologous or heterologous blood, fibrinogen or blood 
derivatives the blood coagulation is initiated and fibrin 
is formed to stop bleeding and seal the wound. 
[0027] Moreover, the sponge according to the inven- 
tion can be applied together with a fibrinogen prepara- 
tion to the wound. Therefore, a kit is also provided to 
prepare a sponge or wound coverage before or directly 
in the course of during the application to the wound. The 
kit comprises besides the sponge at least a fibrinogen 
component, preferably in a storage stable form. The fi- 
brinogen could be in the form of a fibrin sealant, such 
as a commercial product of a tissue adhesive based on 
fibrinogen, e.g. TISSEEL® (IMMUNO AG). Also, thefur- 
ther pharmacologically active substances, like men- 
tioned above could be incorporated in the kit either in 
one or more components of the kit or as a separate com- 
ponent. 

[0028] It has turned out, that the sponge preferably is 
characterized by a thickness of at least 3 mm, at least 
5 mm up to 20 mm, depending on the indication. When 
the relatively thick flexible sponge is applied to a wound 
it is importantthat blood and fibrinogen can be absorbed 
throughout the sponge before fibrin is formed that might 
act as a barrier for the absorption of further wound se- 
cret. Therefore, the sponge according to the invention 
preferably contains a definite thrombin activity that en- 
sures both the absorption of body liquid throughout the 
sponge and a fast acting effective sealing of the wound. 
It has proven, that 1000-10.000, preferably 5000 - 8000 
Units/g are necessary for the effective hemostasis and 
treatment of wounds. 

[0029] The preferred pH of the sponge according to 
the invention is in the range of 6 to 8. When a neutral 
pH is adjusted in a collageneous solution or gel there is 
the problem of collagen precipitation, which results in 
the formation of collagen fibers. It is not possible any- 
more to achieve an absolutely homogenous distribution 
of thrombin in the collagen-material in a suspension 
wherein collagen fibers have been formed. Thus, in or- 
der to obtain a homogeneous distribution of the 
thrombin or the precursor of thrombin one had to over- 
come the problem of fiber formation. The homogenous 
mixture is provived only when collagen remains in a sol- 
uble or gel date and optionally lyophilized or air-dried 
being in a gel state. 

[0030] The inventive method of producing a sponge 
according to the invention comprises the acidification of 
a collageneous raw material to obtain a collagenic gel, 
wherein the collagen is provided in the dissolved state. 
The acidified material has a pH in the range of 1 .5 to 4, 
preferably 2 to 2.5. It is preferred to use a weak acid, 
such as citric acid, for acidification. It surprisingly turned 
out, that the gel state is maintained without fiber forma- 
tion even after neutralization, when a rigorous temper- 
ature control is applied at between 1 and 8°C, preferably 
2 to 5°C. This lowtemperature prevents the precipitation 



of collagen, but must be maintained throughout all the 
stages of preparing the sponge before drying or lyophi- 
lization. The further components of the sponge can be 
admixed to obtain the homogeneous distribution either 
5 before or after the neutralization. The neutralization is 
carried out preferably by adding an alkali solution, such 
as NaOH orCa(OH) 2 . 

[0031] A critical measure is the drying or lyophilization 
of the product, because a definite water content is need- 

10 ed at last. Preferably, the sponge can either be air-dried 
or lyophilized during a relatively short period, which pro- 
vides for a residual water content in the above described 
range. An alternative procedure comprises the lyophili- 
zation to obtain a dry sponge, which is then moisturized 

15 by adding water or by a prolonged incubation in a me- 
dium with a relative humidity of more than 80% up to 
1 00%. To facilitate the drying or lyophilization process it 
is preferred to incorporate a hydrophilic substance that 
is capable of retaining the specific water content after 

20 considerate and careful lyophilization or after actively 
absorbing the moisture. A preferred substance might be 
a polyol or a polysaccharide, which could also act pro- 
tectively on labile components. 

[0032] A specific embodiment relates to the sponge 
25 together with one or more further hemostatic layers of 
different structure and/or composition to obtain a com- 
posite wound coverage. The further layer might consist 
essentially of collagen to enhance the mechanic 
strength of the wound coverage. Preferably, further ma- 
30 terials for combination are selected from the group con- 
sisting of modified or cross-linked collagen, modified 
cellulose, such as oxycellulose, human tissue and vicryl 
(Company Ethnor). The resulting wound coverage is 
preferably totally resorbable, but has nevertheless a 
35 high mechanic strength. Alternatively, it might also con- 
tain fibrinogen provided that the fibrinogen is not in a 
direct contact with thrombin. When thrombin and fibrin- 
ogen is to be used in a composite wound coverage ac- 
cording to the invention, it is preferred that af urther layer 
40 of collagen is placed between the thrombin layer and 
the fibrinogen layer. 

[0033] The wound coverage consisting of the sponge 
according to the invention and one or more further layers 
is preferably obtained by superimposing the sponge. 
45 Several hemostatic layers of a collagenic material might 
be prepared and afterwards side by side combined. Ad- 
herence of the layers by sequential or simultaneous 
freezing or lyophilizing, also known as co-freezing or co- 
lyophilization is preferred. Further combinations meth- 
50 ods comprise cross-linking or glueing. The various lay- 
ers can be prepared by cooling the sponge according to 
the invention below 0°C, preferably between -10°C and 
-1 °C, and spraying orfloating a liquid containing the liq- 
uid which forms a superimposed or juxtaposed layer up- 
55 on further freezing and/or lyophilizing. 

[0034] For lyophilization the mixture of collagen and 
further components is preferably brought in a definite 
shape whereby specific dimensions of a sheet are ob- 
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tained. Exemplary forms are pads and patches, sheets, 
cubes, tubes, cones and fibres, which can be pressed 
or formed to the desired structure. The structure may 
comprise wholes or may be permeable to air. 
[0035] It is further preferred to use a specific collagen 
type selected from the group consisting of type I, II, III, 
IV, VI I and X. Type IV is especially pef erred when human 
collagen is used. Besides native collagen fragmented 
or enzymatically treated collagen, e.g. pepsin or pectin 
treated collagen may be used. 

[0036] The structure and mechanic strength of the 
collagenic layers are further characterized by its con- 
centration. It is preferred to prepare the sponge with a 
collagen concentration of 1 to 15 mg/cm 3 . 
It is preferredto prepare thecombination of collagen and 
blood coagulation factors in presence of a small quantity 
of collagen, reflected by a concentration of 1 to 2 mg/ 
cm 2 . During freeze-drying the combination aquires then 
a supporting structure and an appearance similarto that 
of pure lyophilized collagen. 

[0037] The lyophilized sponge according to the 
present invention is preferably off-white colored looking 
like cotton wool that is flexible and strong. 
[0038] The air-dried sponge mostly is quite transpar- 
ent. 

[0039] For reasons of sterilization the sponge accord- 
ing to the invention is preferably sterilized by irradiation, 
more preferably after it is dried, by (3- or y-rays of the 
appropriate energy and wavelength. Besides the 
sponge it is also possible to irradiate the source mate- 
rial, which is the collageneous fraction in a solid form. 
The collageneous raw material may therefore be pro- 
vided as a collagen powder, ready for sterilization by ir- 
radation. 

[0040] According to a specific embodiment the com- 
ponents of the sponge are treated separately to inacti- 
vate any pathogen potentially present, preferably using 
a chemical and/or physical treatment; preferably a heat 
treatment, such as according to EP 0 159 311 . Anyway 
it is preferred to additionally sterilize the prepared 
sponge by conventional means. 
[0041] The invention is further illustrated by, but is not 
to be limited to the following examples. 

Example 1 : Preparation of a collagen gel 

[0042] The equalentof 1 g of dry collagen (from liquid, 
pasty, fibrous or powdery collagenous material) were 
dissolved in 100 ml of 0.01 M citric acid. The mixture 
was shaken until a uniform and fluid gel was produced. 
The pH was adjusted to 7.2 by adding a 1 NaOH solu- 
tion, while continuously stirring at 4°C. This gel con- 
tained 1 % collagen. Equally, a 0.25 % collagen gel was 
produced. 
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Example 2: Preparation and lyophilization of a 
collagen gel containing thrombin 

[0043] 60 ml of 1 % collagen gel obtained according 
to example 1 was mixed with 5 ml of 1000 lU/ml thrombin 
solution (HUMAN THROMBIN, IMMUNO AG) at 4°C. 
The homogenous mixture was poured onto a 10 x 10 
cm tray previously cooled to 4°C. The tray was trans- 
ferred into the freezer compartment of a freeze dryer 
previously cooled to 4°C. Then the freezer cycle was 
started down to -20°C and the product was freeze-dried 
until a 15 % water content was obtained. 
[0044] The product was a flexible cotton-like fleece, 
which was cut to the desired dimensions. The fleece had 
the following characteristics. 



Product I: 


Collagen: 


8.55 mg/cm 2 


Thrombin: 


50 IU/cm 2 


Dimensions: 


10 x 10 


Thickness: 


0.6 cm 



Example 3: Preparation of a wound coverage 
containing several layers 

[0045] 60 ml of 1 % collagen gel obtained according 
to example 1 was poured onto a 10 x 1 0 cm tray previ- 
ously cooled to 4°C. The tray was transferred into a 
freezer compartment of a freeze-dryer previously 
cooled to 4°C. The freezer cycle was started down to - 
5°C and the product was frozen at -5°C. 
[0046] Thereafter, 20 ml of 0.25 % collagen gel ob- 
tained according to example 1 was mixed with 5 ml of 
1000 lU/ml thrombin solution (HUMAN THROMBIN, IM- 
MUNO AG) and stirred at 4°C to obtian a homogenous 
mixture. The mixture was poured uniformly on the top 
of the frozen collagen sheet, which still laid in the tray, 
and was previously frozen at -5°C. The tray was quickly 
returned into the freeze-dryer and the freezer cycle was 
started down to -20°C. The freeze-drying took place un- 
til the final desorption temperature of 25°C to 30°C was 
reached. The product contained a 14 % water content. 
The resulting product was composed of 2 strongly ad- 
hering layers and waseasy to cut and package. The 
product had the following characteristics: 



Product II: 


First layer: 




Collagen: 


8.55 mg/cm 2 


Dimensions: 


1 0 x 1 0 cm 


Thickness: 


0.6 cm 



Second layer: 


Collagen: 


1 .7 mg/cm 2 



5 



9 



EP0 891 193 B1 



10 



(continued) 



Second layer: 


Thrombin: 


50 IU/cm 2 


Dimensions: 


1 0 x 1 0 cm 


Thickness: 


0.2 cm 



[0047] A superimposed layer of fibrinogen combined 
with a low concentration of collagen was prepared as 
follows: 20 ml of 0.25 % collagen gel obtained according 
to example 1 was mixed with 6.5 ml of 80 mg/ml fibrin- 
ogen solution (HUMAN FIBRINOGEN, IMMUNO AG) at 
4°C. The mixture was poured uniformly on the top of the 
frozen collagen-thrombin sheet, which was provided in 
a tray, previously frozen at -5°C. The tray was trans- 
ferred into the freezer compartment of a freeze-dryer 
and the freezer cycle was started down to -20°C. The 
final desorption temperature was 20°C to 30°C, the final 
water content was about 15 %. The resulting product 
was composed of 3 strongly adhearing layers and was 
easy to cut and package. The product had the following 
characteristics: 



Product III: 


First layer: 




Collagen: 

Dimensions: 

Thickness: 


8.55 mg/cm 2 
1 0 x 1 0 cm 
0.6 cm 



Second layer: 


Collagen: 


1 .7 mg/cm 2 


Thrombin: 


50 IU/cm 2 


Dimensions: 


1 0 x 1 0 cm 


Thickness: 


0.2 cm 




Third layer: 


Collagen: 


1 .7 mg/cm 2 


Fibrinogen: 


1 0 mg/cm 2 


Dimensions: 


1 0 x 1 0 cm 


Thickness: 


0.2 cm 



35 



40 



[0048] This manufacturing process can be used for 
manufacturing a compress sponge composed of a vari- 
ety of collageneous layers, the order of the layers can 50 
be changed according to the desired degree of effec- 
tiveness. Using this process products with the following 
characteristics were obtained: 

[0049] A mixture of 20 ml of 0.25 % collagen gel and 
5 ml of 1000 lU/ml thrombin solution and 1 ml of 40 M 55 
calcium chloride solution was stirred at 4°C and a frozen 
collagen layer was prepared as described above. The 



freezer cycle was started down to -5°C for 1 hour. The 
next layer was prepared as described above using 20 
ml of 0.25% collagen gel, whereby the freezer cycle was 
maintained down to -5°C. A further layer was prepared 
using 20 ml of 0.25 % collagen gel in a mixture with 6.5 
ml of the 80 mg/ml fibrinogen solution. During freeze- 
drying a final desorption temperature of 20°C to 30°C 
wa sobtained. The product had the following character- 
istics. 



Product IV: 


First layer: 


Collagen: 


1 .77 mg/cm 2 


Thrombin: 


50 IU/cm 2 


Dimensions: 


1 0 x 1 0 cm 


Thickn ess: 


0.2 cm 


CaCI 2 : 


1 ml of a 40 mmol/l solution 


Second layer: 


Collagen: 


1 .7 mg/cm 2 


Dimensions: 


1 0 x 1 0 cm 


Thickness: 


0.2 cm 



Third layer: 


Collagen: 


1 .7 mg/cm 2 


Fibrinogen: 


1 0 mg/cm 2 


Dimensions: 


1 0 x 1 0 cm 


Thickness: 


0.2 cm 



Example 4: Application of the sponge in the pig 
model and comparison to the commercially 
available product (TachoComb®) 

[0050] Using a liver resection model in heparinized 
pigs a comparison was made between product I, ob- 
tained according to example 2, a collagen product with- 
out a thrombin content and TachoComb® (Nycomed). 
[0051] When the collagen product was used, there 
was no hemostasis leading to bleeding to death. There 
was no hemostasis either when TachoComb® was 
used. Discontinuation of the resection surface was ob- 
served, whereby rebleeding started and the pigs bled to 
death. 

[0052] When product I was used hemostasis was 
complete within 5 minutes. The pigs were postopera- 
tively observed for 3 days. Thereafter they were sacri- 
ficed. Upon autopsy there was no blood found in the ab- 
dominal cavity. 



Claims 

1. Hemostatic sponge based on collagen and 
thrombin or a precursor of thrombin homogeneous- 
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ly distributed therein, which is dried and contains a 
water content of at least 2%, preferably in the range 
of 2 to 25%, more preferred 1 0 to 20%. 

2. Sponge according to claim 1 , wherein the sponge 5 
is freeze-dried or air-dried. 

3. Sponge according to claim 1 or 2, characterized 

by a pH in the range of 6 to 8. 

10 

4. Sponge according to any of claims 1 to 3, wherein 
said thrombin or a precursor of thrombin is selected 
from the group consisting of thrombin, prothrombin, 
activated factor X, activated prothrombin complex, 
FEIBA, calcium ions and mixtures thereof. is 



5. Sponge according to any of claims 1 to 4, charac- 
terized by a thickness of at least 3 mm : preferably 
at least 5 mm up to 1 0 mm. 

6. Sponge according to any of claims 1 to 5, charac- 
terized by a content of activator or proactivator of 
1000 - 10.000, preferably 5000 - 8000 U/thrombin 
equivalents per g. 

7. Sponge according to any of claims 1 to 6, which fur- 
ther comprises a thrombin stabilizer, preferably se- 
lected from the group consisting of a polyol, a 
polysaccharide, a polyalkylene glycol, amino acids 
or mixtures thereof. 

8. Sponge according to any of claims 1 to 7, which fur- 
ther comprises asubstance which stabilizes the wa- 
ter content, preferably such as polysaccharides or 
polyols. 

9. Sponge according to any of claims 1 to 8, which fur- 
ther comprises a pharmacologically active sub- 
stance, such as a preservative, an antifibrinolytic, 
antibiotic, such as an antibacterial or an antimy- 
cotic, a growth factor, an enzyme or an enzyme in- 
hibitor. 

10. Wound coverage which contains a sponge accord- 
ing to any of claims 1 to 9, and a further layer which 
is preferably also hemostatic and adherent to said 
sponge. 

11. Wound coverage according to claim 1 0, wherein the 
further layer consists essentially of collagen. 

12. Wound coverage according to claim 1 0, wherein the 
further layer contains fibrinogen, preferably in a 
mixture with collagen. 

13. Kit for preparing a wound coverage, comprising 

a) a sponge according to any of claims 1 to 9 



and 

b) fibrinogen, preferably in a storage stable 
form and optionally 

c) a pharmacologically active substance. 

1 4. Method for producing a sponge according to any of 
claims 1 to 9, by acidifying a collagenous raw ma- 
terial to obtain a collagen gel, mixing the gel with 
thrombin or a precursor of thrombin to obtain a ho- 
mogenous mixture and drying, preferably by lyophi- 
lizing or air-drying ; said mixture to a water content 
of at least 2%, preferably in the range of 2 to 25%, 
more preferred 1 0 to 20%. 

15. Method according to claim 14. wherein the gel or 
the mixture is neutralized by adding an alkali solu- 
tion such as NaOH or Ca(OH) 2 . 

16. Method according to claim 14 or 15, wherein the 
20 mixture is lyophilized to obtain a dry sponge, which 

is then moisturized. 

1 7. Method according to any of claims 1 4 to 1 6, wherein 
the mixture is lyophilized in the presence of a sub- 

25 stance, which retains the water content. 

1 8. Method according to any of claims 1 4 to 1 7, wherein 
the mixture is lyophilized in a definite shape. 

30 19. Method according to any of claims 14 to 18, wherein 
further substances are added to the mixture, such 
as a thrombin stabilizer or a physiologically active 
substance. 

35 20. Method according to any of claims 14 to 19, wherein 
the collageneous raw material, such as collagen 
powder, the gel in a solid form and/or the sponge is 
sterilized by irradiation. 

40 21. Method according to any of claims 14 to 20, wherein 
the further layer is combined to the sponge by se- 
quential or co-freezing, by lyophilization, by cross- 
linking and glueing. 



45 

Patentanspriiche 

1. Blutstillender Schwamm auf Basis von Collagen 
und einem homogen darin verteiltem Thrombin 
50 oder Vorlaufer von Thrombin, welcher Schwamm 
getrocknet ist und einen Wassergehalt von minde- 
stens 2%, vorzugsweise im Bereich von 2 bis 25%, 
insbesondere 10 bis 20%, hat. 

55 2. Schwamm nach Anspruch 1 , wobei der Schwamm 
gefriergetrocknet oder luftgetrocknet ist. 

3. Schwamm nach Anspruch 1 oder 2, gekennzeich- 
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net durch einen pH-Wert im Bereich von 6 bis 8. 

4. Schwamm nach einem der Anspruche 1 bis 3, wo- 
bei das Thrombin oder ein Vorlaufer von Thrombin 
ausgewahlt ist aus der Gruppe bestehend aus 5 
Thrombin, Prothrombin, aktiviertem Faktor X, akti- 
viertem Prothrombinkomplex, FEIBA, Calciumio- 
nen und Mischungen davon. 

5. Schwamm nach einem der Anspruche 1 bis 4, ge- 10 
kennzeichnet durch eine Dicke von mindestens 3 
mm. vorzugsweise mindestens 5 mm bis 10 mm. 

6. Schwamm nach einem der Anspruche 1 bis 5, ge- 
kennzeichnet durch einen Aktivator- oder Proak- is 
tivator-Gehalt von 1000 bis 10000, vorzugsweise 
5000 - 8000 E Thrombin-Aquivalenten pro g. 

7. Schwamm nach einem der Anspruche 1 bis 6, wel- 
cher weiters einen Thrombinstabilisator, vorzugs- 20 
weise ausgewahlt aus der Gruppe bestehend aus 
einem Polyol, einem Polysaccharid, einen Polyal- 
kylenglykol, Aminosauren oder Mischungen davon, 
aufweist. 

25 

8. Schwamm nach einem der Anspruche 1 bis 7, wel- 
cher weiters eine den Wassergehalt stabilisierende 
Substanz, vorzugsweise wie Polysaccharide oder 
Polyole, aufweist. 

30 

9. Schwamm nach einem der Anspruche 1 bis 8, wel- 
cher weiters eine pharmakologisch aktive Sub- 
stanz, wie ein Konservierungsmittel, ein antifibrino- 
lytisches Mittel, ein Antibiotikum, wie ein antibakte- 
rielles oder antimykotisches Mittel, einen Wachs- 35 
tumsfaktor, ein Enzym oder einen Enzyminhibitor, 
aufweist. 

10. Wundauflage, welche einen Schwamm nach einem 

der Anspruche 1 bis 9 und eine weitere Schicht, die 40 
vorzugsweise auch blutstillend ist und am 
Schwamm haftet, enthalt. 

11. Wundauflage nach Anspruch 10, wobei die weitere 
Lage im Wesentlichen aus Collagen besteht. 45 

12. Wundauflage nach Anspruch 10, wobei die weitere 
Lage Fibrinogen, vorzugsweise in einer Mischung 
mit Collagen, enthalt. 

50 

13. Set zur Herstellung einer Wundauflage, welche 

a) einen Schwamm nach einem der Anspruche 
1 bis 9 und 

b) Fibrinogen, vorzugsweise in lagerstabiler 55 
Form, und gegebenenfalls 

c) eine pharmakologisch aktive Substanz auf- 
weist. 



14. Verfahren zur Herstellung eines Schwammes nach 
einem der Anspruche 1 bis 9, durch Ansauerung ei- 
nes collagenen Rohmaterialszum Erhalt eines Col- 
lagen-Gels. Mischen des Gels mit Thrombin oder 
einem Vorlaufer von Thrombin zum Erhalt einer ho- 
mogenen Mischung und Trocknen, vorzugsweise 
durch Lyophilisieren oder Lufttrocknen, dieser Mi- 
schung auf einen Wassergehalt von mindestens 
2%, vorzugsweise im Bereich von 2 bis 25%, ins- 
besondere 10 bis 20%. 

15. Verfahren nach Anspruch 14, wobei das Gel oder 
die Mischung durch Zugabe einer Alkali-Losung, 
wie NaOH oder Ca(OH) 2 ), neutral isiert wird. 

1 6. Verfahren nach Anspruch 1 4 oder 15, wobei die Mi- 
schung lyophilisiert wird, urn einen trockenen 
Schwamm zu erhalten, welcherdann angefeuchtet 
wird. 

17. Verfahren nach einem der Anspruche 14 bis 1 6, wo- 
bei die Mischung in Gegenwart einer Substanz. die 
den Wassergehalt zuruckhalt, lyophilisiert wird. 

18. Verfahren nach einem der Anspruche 14 bis 1 7, wo- 
bei die Mischung in einer definierten Form lyophili- 
siert wird. 

19. Verfahren nach einem der Anspruche 14 bis 1 8, wo- 
bei weitere Substanzen zur Mischung zugegeben 
werden, wieein Thrombinstabilisatorodereinephy- 
siologisch aktive Substanz. 

20. Verfahren nach einem der Anspruche 1 4 bis 1 9, wo- 
bei das collagene Rohmaterial, wie Collagenpulver 
das Gel in einer festen Form und/oder der 
Schwamm durch Bestrahlung sterilisiert wird. 

21. Verfahren nach einem der Anspruche 14 bis 20, wo- 
bei die weitere Schicht mit dem Schwamm durch 
sequentielles oder gleichzeitiges Gefrieren, durch 
Lyophilisieren, durch Vernetzen und Kleben ver- 
bunden wird. 



Revendications 

1. Eponge hemostatique a base de collagene et de 
thrombine ou un precurseur de la thrombine reparti 
defagon homogene a I'interieur de celle-ci, qui est 
sechee et a une teneur en eau d'au moins 2 %, de 
preference comprise dans la plage allant de 2 a 25 
%, de preference encore de 10 a 20 %. 

2. Eponge selon la revendication 1, dans laquelle 
I'eponge est lyophilisee ou sechee a I'air. 

3. Eponge selon la revendication 1 ou 2, caracterisee 
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par un pH compris dans la plage allant de 6 a 8. 

4. Eponge selon Tune quelconque des revendications 
1 a 3, dans laquelle ladite thrombine ou un precur- 
seur de la thrombine est choisi(e) dans le groupe 
comprenant la thrombine, la prothrombine, le fac- 
teur x active, le complexe prothrombine active, le 
FEIBA, les ions calcium et les melanges de ceux-ci. 

5. Eponge selon Tune quelconque des revendications 
1 a 4, caracterisee par une epaisseur d'au moins 
3 mm, de preference au moins 5 mm jusqu'a 1 0mm. 

6. Eponge selon Tune quelconque des revendications 
1 a 5, caracterisee par une teneur en activateur ou 
proactivateur de 1 000 - 10 000, de preference de 
5 000-8 000 U / equivalents de thrombine par g. 

7. Eponge selon Tune quelconque des revendications 
1 a 5, qui comprend en outre un stabilisateur de 
thrombine, de preference choisi dans le groupe 
comprenant un polyol, un polysaccharide, un poly- 
alkylene glycol, des acides amines ou des melan- 
ges de ceux-ci. 

8. Eponge selon Tune quelconque des revendications 
1 a 7. qui comprend en outre une substance qui sta- 
bilise la teneur en eau, de preference comme des 
polysaccharides ou des polyols. 

9. Eponge selon Tune quelconque des revendications 
1 a 8, qui comprend en outre une substance phar- 
macologiquement active, comme un conservateur, 
un antifibrinolytique, un antibiotique, comme un an- 
tibacterien ou un antimycosique, un facteur de 
croissance, une enzyme ou un inhibiteur enzymati- 
que. 

10. Recouvrement de plaies qui contient une eponge 
selon Tune quelconque des revendications 1 a 9, et 
une autre couche, qui est de preference egalement 
hemostatique et adherente a ladite eponge. 

1 1 . Recouvrement de plaies selon la revendication 1 0, 
dans laquelle I'autre couche est composee essen- 
tiellement de collagene. 

1 2. Recouvrement de plaies selon la revendication 1 0, 
dans lequel I'autre couche contient du fibrinogene, 
de preference dans un melange avec du collagene. 

13. Kit pour preparer un recouvrement de plaies com- 
prenant 

a) une eponge selon Tune quelconque des re- 
vendications 1 a 9 et 

b) du fibrinogene, de preference dans une for- 
me de conservation stable et optionnellement 



c) une substance pharmacologiquement acti- 
ve. 

14. Procede pour fabriquer une eponge selon Tune 
5 quelconque des revendications 1 a 9, en acidifiant 
une matiere premiere collagene pour obtenir un gel 
de collagene, en melangeant le gel avec de la 
thrombine ou un precurseur de thrombine pour ob- 
tenir le melange homogene et en sechant, de pre- 
10 ference en lyophilisant ou en sechant a I'air, ledit 
melange pour avoir une teneur en eau d'au moins 
2 %, de preference comprise dans la plage allant 
de 2 a 25 % et de preference encore de 1 0 a 20 %. 

15 15. Procede selon la revendication 14, dans lequel le 
gel ou le melange est neutralise en ajoutant une so- 
lution d'alcali comme du NAOH ou Ca(OH) 2 . 

16. Procede selon la revendication 14 ou 15, dans le- 
20 quel le melange est lyophilise pour obtenir une 

eponge seche, qui est ensuite humidifiee. 

17. Procedeselon I'une quelconque des revendications 
14 a 16, dans lequel le melange est lyophilise en 

25 presence d'une substance, qui retient la teneur en 
eau. 

18. Procedeselon I'une quelconque des revendications 
1 4 a 1 7. dans lequel le melange est lyophilise dans 

30 une forme precise. 

19. Procedeselon I'une quelconque des revendications 
1 4 a 1 8, dans lequel d'autres substances sont ajou- 
tees au melange, comme le stabilisateur de throm- 

35 bine ou une substance physiologiquement active. 

20. Procedeselon I'une quelconque des revendications 
1 4 a 1 9, dans lequel la matiere premiere collagene, 
comme la poudre de collagene, le gel sous forme 

40 solide et/ou I'eponge, est sterilisee par irradiation. 

21. Procedeselon I'une quelconque des revendications 
14 a 20, dans lequel I'autre couche est associee a 
I'eponge par congelation sequentielle ou simulta- 

45 nee, par lyophilisation, par reticulation et encollage. 
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